Composition and abundance of seeds in a soil bank can be affected by intrinsic factors such as dormancy and the specifi c requirements for germination, as well as by external factors, such as the structure of vegetation, soil characteristics, environmental conditions and the disturbance regime (Baskin and Baskin, 1998) .
Particularly, the disturbance regime is a very important factor because, depending on its origin, magnitude, and frequency, it may determine the existence or extinction of seed banks (Middleton, 2003) . In xerophytic shrublands, fi re is an important disturbance that is part of their natural dynamics (Rodríguez-Trejo, 2008) . However, there are also fi res caused by human activities that can affect ecological processes related to soil seed banks and vegetation structure. Indeed, in some regions of Mexico there are frequent fi res associated to extended drought periods in diverse types of vegetation with a dry season, such as the Pedregal de San Ángel (Juárez-Orozco and Cano-Santana, 2007) .Thus, studies that contribute to understand the effect of fi re on seed persistence and on seedling emergence are very necessary (Vivar-Evans et al., 2006) .
The study site is a natural area immersed in a big city, it represents a unique habitat that harbors 377 plant species (Castillo-Argüero et al., 2009) , some are considered as threatened (Flores-Villanueva, 2006) , some as endemic (Tellez-Velazco, 2002 in Salazar, 2009 Juárez-Orozco and Cano-Santana, 2007) , and others have reduced populations in other parts of the valley of Mexico (Rzedowsky and Calderón, 2001) . It offers many environmental services to the city as well (Lot-Helgueras, 2008) . But, the dramatic reduction of its original area by urbanization (Cano-Santana et al., 2008) , the occurrence of fi res (Juárez-Orozco and CanoSantana, 2007) , the collection of several species for ornamental use (Salazar, 2009) , garbage deposition (Cano, pers. obs. 2009 ) and the presence of invasive and or weed species diaspores in the seed rain constantly threat this system (Castillo-Argüero et al., 2009) . Therefore studies that reveal the reliance of species on the soil seed bank for the maintenance of their populations are important. Thus, this research evaluated experimentally the changes in composition and abundance of the soil seed bank in a xerophytic shrubland in the Pedregal de San Ángel, Mexico City, immediately after an anthropic fi re and one year after, comparing burned sites with unburned sites as control. We expect smaller values of abundance and species richness in the burned site, and larger values of these variables in the unburned site; and specially in both sites one year after the fi re due to a recovery of the soil seed bank.
Materials and Methods
Study site. The ecological reserve "El Pedregal de San Án-gel" is a xerophytic shrubland that comprises an area of 237.3 ha (De la Fuente, 2005) . It is located at the southwest of Mexico , at an altitude of 2200-2277 m asl. The substrate consists of a thick lava layer that was originated by the eruption of the Xitle volcano 2000 years ago (Martin del Pozzo, 1995) . The soil layer is usually very thin, it's origin is organic and eolic and retains little humidity. A peculiar feature of the Pedregal de San Ángel is that it shows a high environmental heterogeneity provided by a contrasting topography, and by very marked seasonal changes (Cano-Santana, 1994 ). The climate is temperate humid, with a mean annual temperature ranging from 14 to 17ºC, and a mean annual precipitation of 870 mm (García, 1988) , the driest months are December, January and February (Carrillo-Trueba, 1995) . The most diverse plant families, are: Asteraceae, Poaceae, and Fabaceae (Castillo-Argüero et al., 2004) . The vegetation was frequently affected by fi res that occurred mainly during the dry season (February-April), mainly of anthropic origin. Recently, between 1992 and 1997, there were 455 fi res in this area and nearby sites (Juárez-Orozco and Cano-Santana, 2007) . Sampling design. The seed bank species composition was analyzed through the seedling emergence method. Two sites were located, one in a conserved area, and one more in an area that was affected by a surface fi re that occurred in March 1998. Six days after this disturbance, a 100 × 100 m plot was established in each site. Within each plot, we randomly set a sample of 100 points where we collected 300 g of soil in quadrats of 20 × 20 cm. Collected soil was dried at room temperature for three days. Each soil unit was placed in a pot (20 cm × 20 cm and 8 cm depth). All pots were placed in a greenhouse located nearby the study site following a design of 100 soil pots × 2 sites. A vinylon cloth (mesh size = 2mm) was used to isolate the soil pots from other seeds in the greenhouse. Once seedlings started to emerge, they were harvested every two weeks along one year. All seedlings were transplanted to bigger pots for further determination when possible. This experimental procedure was repeated one year after in the same month (March 1999). Data analyses. We calculated the Chao-Sørensen similarity index through the Estimates program (Colwell, 2005) , in order to compare seed bank composition between sites and years. We also calculated Shannon's Diversity and Equitability indexes with the same program. We carried out a bi-factorial ANOVA to test the effects of site (burned, unburned) and time (between years) on the seed bank richness, abundance, diversity and equitability. We fi nally compared differences among soil samples by a Tukey test. All data were logarithmic transformed (Zar, 1990) . Seedling density per soil unit area (cm 2 ) was calculated for each site and year.
Results
Seed bank size and species features. We obtained a total of 1130 seedlings in the burned site in 1998, which correspond to thirty seven species; from these, twenty seven were herbs, nine shrubs and one tree species. In the 1998 unburned site, we registered 4325 seedlings, distributed in forty three species, thirty fi ve herbs, seven shrubs and one tree species. In 1999, we found in the burned site 2719 seedlings belonging to forty four species, thirty two herbs, ten shrubs and two tree species, whereas in the unburned site, we had a total of 3686 seedlings, corresponding to forty fi ve species, thirty two herbs, eleven shrubs and two tree species.
Based on seedling density values, the highest corresponded to the unburned site in 1998 with 14 seedlings/m 2 . In contrast, the smallest value of seedling density for the same year was 3.6 seedlings/m 2 for the burned site. One year after the fi re, in 1999, seedling density slightly decreased in the 2 ), and increased in the burned site (9 seedlings/m 2 ). In terms of the number of species, the most represented family was the Asteraceae, for both sites and years; however, based on the number of seedlings, the family with the highest number of seedlings was the Loganiaceae (Buddleia cordata).
According to the life histories of species, we found a 75% of perennials and a 25% of annuals in the unburned site, for the two consecutive years. In the burned site we found similar values: 80% of perennials and 20% of annuals, for both years.
Approximately 180 days after the experiment started, the highest seedling emergence occurred in both sites for the harvests corresponding to the months from August to October, in 1998 and 1999 . In these months, most of the seedlings corresponded to Buddleia cordata, Muhlenbergia robusta, Gamochaeta americana and Montanoa tomentosa, the latter was particularly more abundant in the burned site with respect to the unburned site. The highest seedling abundance always occurred in the unburned site for both years. In 1999, curves of seedlings abundances of burned and unburned sites appeared closer ( Figure 1 , Table 1 ). Species number per harvest date was also higher for the unburned site in the fi rst year. One year after the fi re, the number of species increased in the two sites ( Figure 2 ). Seedling emergence slowly increased in a constant rate after September, and the curves got to a steady state by November for both cases ( Figure  3 ). The number of accumulated species reached a plateau by September in both sites in 1998. For the second year this occurred by August. Both sites appeared closer in their richness values one year after the fi re, with a recovery in the burned site (Figure 4) . Abundance, richness, diversity and equitability. Species richness and seedling abundance in the burned site in the year of the fi re were signifi cantly smaller than in the unburned site (Table 1 ). The ANOVA test showed significant differences in seedling abundance due to the fi re (F = 109.87, df = 396, p<0.001) and time (F = 54.66, df = 396, p<0.001) factors, levels with the highest mean values were the unburned site and the 1999 year, respectively. Also, the interaction of both factors was signifi cant (F = 27.80, df = 396, p<0.001), the groups with the highest mean values were as well, the unburned site and the year after the fi re (1999). Seedling richness showed statistical differences between sites (F = 77.09, df = 396, p<0.001) and years (F = 53.16, df = 396, p<0.001) as well; the interaction of these factors affected signifi cantly the seed bank species richness (F = 77.09, df = 396, p<0.001). Between years, there were also global signifi cant differences among these variables, having higher values in the year after the fi re (Table 1) .
Diversity and equitability indexes (Table 2) showed the same trend for the fi re factor (sites) and the year factor (1998 and 1999) . The unburned site showed signifi cantly higher values of these variables (H'= 2.49, E = 0.7) than the burned site (H'= 2, E = 0.5) in the year of the fi re, whereas species diversity and equitability increased their values one year after the fi re in the burned site (H' = 2.5, E = 0.7). The ANOVA test showed signifi cant differences in the seed bank diversity due to the fi re (F = 24.95, df = 396, p<0.001) and time (F = 15.224, df = 396, p <0.001) factors, as well as by the interaction of both (F = 7.5, df = 396, p<0.001). Seed bank equitability showed differences between sites (F = 16.13, df = 396, p<0.001) and years (F = 11.09, df = 396, p<0.001), differences were also evident due to the interaction between fi re and time factors (F = 6.68, df = 296, p<0.001). In both cases, levels with the highest mean values were the unburned site, and the year after the fi re (1999). Similarity Index. Most of the similarity index values were relatively high (above 50%) in both sites and years, which refl ects a similar composition in the seed banks. The highest similarity index value (0.70) occurred between sites in the year of the fi re, whereas, the lowest similarity index value (0.58) was obtained when comparing the 1998 burned site and the 1999 unburned site.
Discussion
Seedling abundance between burned and unburned studied sites in the Pedregal de San Ángel showed clear differences. There was a lower seedling emergence in the burned site than in the unburned one immediately after the fi re (Table  1) ; similar results have been obtained in other studies carried out in shrublands, where there was a substantial decrease of seeds in seed banks after a fi re (Pierce and Cowling, 1991; Ferrandis et al., 1999) . Basically the signifi cant smaller seed bank values in the burned site can be explained by the high temperatures reached by fi re, as it has been reported by Turna and Bilgili (2006) , who mentioned that exposure to temperatures between 110°C and 150°C had negative effects on germination percentages in some species in temperate sites. Tesfaye et al. (2004) reported as well a strong reduction in the size of seed banks, where many seeds that were not deeply buried in the soil died. Keeley and Keeley (1987) have as well suggested that a heat treatment reduces germination in some chaparral species and Legg et al. (1992) explained this result in terms of a complete seed combustion and/or embryo death, which cause a serious depletion of the seed bank specially in the upper 2-3 cm of soil in some shrubland species. In addition, ashes have been reported to YURIANA MARTÍNEZ-OREA, SILVIA CASTILLO-ARGÜERO, M. PATRICIA GUADARRAMA AND IRENE SÁNCHEZ produce high pH soil values that may inhibit seed germination of some species (Ne'eman et al., 2009) . In a temperate forest Luzuriaga et al. (2005) found out that some anthropic disturbances, which include fi re, can lead to an important decrease of about 75% of seed abundance in seed banks. Esposito et al. (2006) and Crosti et al. (2006) found as well a strong decrease in seedling emergence caused by high intensity fi res in mediterranean environments. Therefore we suggest that fi re is a disturbance that can cause an important negative effect in terms of seed mortality in the seed bank of a xerophytic shrubland, although for some species fi re might have a positive effect (Valbuena and Trabaud, 2001; Pérez-Fernández and Rodríguez-Echeverría, 2003; Ne'eman et al., 2009) . The presence of a thick testa in the seed has been proved to protect the embryo from high temperatures which can be lethal for seeds stored in the soil (Herranz et al., 1998) . Soil seed bank species richness, diversity and equitability were signifi cantly smaller in the burned site in the year of the fi re, where seed mortality probably experienced the largest values due to the lack of a thick testa (Baskin and Baskin, 1998; Castillo-Argüero et al., 2001 ). This was evident in some species of the Asteraceae, Orchidaceae and Poaceae families, which showed smaller abundances in the burned site. In addition, fi re could have affected positively other species that require elevated temperatures for dormancy breaking (Herranz et al., 1998) , such as Dodonaea viscosa (Baskin and Baskin, 1998 ) since this species showed higher seedling abundances in the burned site. The higher abundances in the burned site -right after the fi re-of some species that lack a thick testa, such as Montanoa tomentosa, could be explained differently. Some substances released from burned vegetation, such as ethylene and some nitrogen compounds are implicated in fi re-triggered germination for some Asteraceae (Macchia et al., 2001) . Furthermore other studies suggest that oxidizing gases and acids generated in smoked and charred wood are responsible for triggering germination (Keeley and Fotheringham, 1998) in some chaparral and woodland species (Pérez-Fernández and Rodríguez-Echeverría, 2003).
Seedling abundance increased in the burned site in 1999. After a fi re, there is an important release of nutrients, which may have improved species establishment (Rai and Tripathi, 1987; Pausas et al., 2003) ; also, an induction of fl owering might be caused by fi re in some species (Brewer, 1995) . In this sense we may expect a post fi re seed bank recovery in this site, specially because values of diversity, equitability, and species richness increased one year after the fi re. Ferrandis et al. (1999) reported a dramatic seed bank depletion by fi re (more than 90% for some species). Nevertheless there was a signifi cant increase in seedling abundance confi ned to the fi rst post-fi re year in a Mediterranean shrubland, like in this case.
In general, temporal and spatial changes in seed bank species composition and abundance are probably due to the natural year to year variation in seed production and dispersal in all communities. Particularly in the Pedregal de San Ángel, Cano-Santana (1994) found different patterns of vegetative and reproductive allocation among species. These differences may directly infl uence the composition and abundance of the seed rain, which represents the potential contribution to the seed bank. More recently, Camacho (2007) studied the dynamics of the seed rain in this community and reported a high heterogeneity in the abundance and richness among seasons and between burned and unburned sites. Specifi cally, in sites that had been burned, this author reported higher seed rain densities compared to his control sites, and also a great abundance of some particular species, such as Buddleia cordata. Species similarity was relatively high in all comparisons, despite the statistical differences in richness and abundance. Seed bank composition was similar in both sites and years, probably as a result of the annual seed production and of the dispersal ability of all species in the area, most of them anemochorous (César-García, 2002) . This points out the existence of a constant supply of diaspores to the seed bank, which explains the presence of most of the species in both sites and years. It also suggests that this seed bank probably includes three types of species: those that do not survive fi re, those that are fi re resistant and those that are stimulated to germinate by fi re, as it has been seen in some Mediterranean ecosystems (Paula and Pausas, 2008) . In addition, similarity value between burned and unburned sites increased one year after the fi re, suggesting again that some species recovered and probably increased their seed production. This recovery may be explained in part by the resprouting of the vegetation and by the increase in fl owering and fruiting after a fi re showed by some shrubland species (Kalamees and Zobel, 2002) which could have contributed to a greater abundance of the soil seed bank one year after the fi re. It has been recognized that vegetation recovery relies greatly on buried seeds (Kalamees and Zobel, 2002) , nevertheless it is important to fi nd out the long term effects of fi re in this community, where most of species are perennials. With regards to the soil seed bank species in the burned site one year after the fi re and their biological traits, most were herbs, with a dominance of perennials over annuals, with an important proportion of species that disperse through anemochory. Valbuena and Trabaud (2001) reported the same pattern when studying the contribution of the soil seed bank to post-fi re recovery in a Mediterranean shurbland.
With respect to annual species it is important to consider that some of them are more affected by fi re since their permanence relies in their annual seed production, and still if some surviving species are not therophytes, their below ground perennating organs can show as well severe damage by fi re (Mallik et al., 1984) . These processes lead to the need for more studies that reveal the long term responses of these species to disturbances such as fi re, which becomes a priority specially if we consider that endemic or exclusive to shrubland vegetation species were present in low abundances or were absent in the seed bank of the burned site.
In shrublands, there is a mixture of sprouters and obligate seeders (Valbuena and Trabaud, 2001) . Therefore, after a fi re, regeneration potential of vegetation in the Pedregal de San Ángel will rely on a mixture of this kind of species. Those species that arrive as propagules through dispersal, as well as growth and seed production of those which survive in the site, are in charge of the maintaining of species within their community. Soil seed bank recovery will be affected by these processes as well. Species which are stimulated by fi re to germinate, to resprout, or to produce higher amounts of seeds will contribute greater to the seed bank of this site along time. Those species that do not survive fi re will be less abundant in the following regeneration stages.
The rate of soil seed bank turnover depends on the balance between several factors such as seed production, dispersal, dormancy and germination (Pake and Venable, 1996) as well as on the disturbance regime (Milberg, 1995) . These factors vary in spatial and temporal scales (Harper, 1977) . Temporally, seeds are added to the soil in periods between fi re events (Delgado et al., 2008; Keeley and Keeley, 1987) , this is why some studies address the seed bank dynamics in relation to stand age since the last fi re (Clemente et al., 2007) . The present research offers useful information in terms of the seed bank composition and abundance ten years ago, when fi res used to be frequent in this reserve (Martínez-Mateos, 2001; Martínez-Orea, 2001; Juárez-Orozco and Cano-Santana, 2007) . The availability of previous data is in consequence essential for an evaluation of the entrance, permanence or absence of species in the soil seed bank of this natural reserve in time. 
